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Abstract 
Jakarta, the capital city of Indonesia, has been suffered from land deformation that causes of the damage of properties, 
public facilities and flood during rainy season. The geologycal structure in Jakarta Area is mostly Alluvial in the northern 
part. The enermous use of ground water is estimated as the cause of the land deformation. In this study, we apply 
DinSAR technique on L, C and X-band SAR data to monitor land deformation between 2007 and 2011, continuously. 
This study exposed the ability of L, C and X-band to analyze land deformation in urban area. The result showed the 
deformation occurred on several places in nothem part of Jakarta. 
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1. Introduction 
Differential synthetic aperture radar 
interferometry (DinSAR) is a technique useful for 
accurately detecting the ground displacement or 
land deformation in the antenna line-of-sight 
(slant-range) direction using synthetic aperture 
radar (SAR) data taken at two separate acquisition 
times [1, 2]. The D-InSAR method is 
complementary to ground-based methods such as 
levelling and global positioning system (GPS) 
measurements, yielding information in a wide 
coverage area even when the area is inaccessible 
[3]. 
The area studied in the present work is Jakarta, 
the capital city of Indonesia. The interferograms, 
from L, C and X-Band, were used to investigate the 
land deformation on the study area during 2007 
and 2011. Some data from L and C-Band was 
overlapped in time line. This study will hghlight 
the specific characteristic of each frequency band 
in term of accuracy, error noise and decolleration 
that accure considering different sensor 
characteristic usage. 
2. Study Area 
Jakarta is located between 
106°3 3 '00" -107°00 '00"E longitude and 
5°48 '30"-6°24 '00"S latitude, in the northern part 
of West Java province. The area is relatively flat: 
in the northern and central part, topographical 
slopes range between 0°-2° and in the southern part, 
they are up to 5° . The altitude of the southernmost 
area is about 50 m above sea level and the other 
areas are lower (Figure IA). 
Figure l B  shows the geological information of 
the study area, which is mostly dominated by 
alluvial deposit. There are 13 natural and artificial 
(for supplying public water) rivers flowing through 
the city. It has humid tropical climate with annual 
rainfall varying between 1500-2500 mm and is 
influenced by the monsoons. The nighttime 
population is around 8 million, which increases to 
11 million during business hours since many 
people commute from satellite cities of Jakarta. 
The population (residence) density in the five 
districts was between 9,600-23,000 people km-2 as 
of the year 2000, while the most recent statistics in 
2009 indicates that the values are between 
12,000-19,000 people km-2 [4]. 
The occurrence of land subsidence in Jakarta 
was recognized by a Dutch surveyor as early as 
1926 [5]. Scientific investigations started in 1978, 
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and continuous investigation using leveling 
measurement was conducted during 1982-1999 [6]. 
The measurement using GPS was also undertaken 
during 1997-2005 [7]: however, its extension to a 
long-time and wide-area measurement would 
impose considerable effort and cost. 
In this study we would like to investigate land 
subsidence by applying DinSAR technique on 
three different wavelength satellite data between 
2007 and 2011. 
3. L, C and X-Band SAR data set 
3.1. L-Band Interferometry: ALOS 
The L-Band ALOS PALSAR intrument has been 
applied to many susidence studies [8, 9]. In this 
study, ALOS has the longest wacelength (23.6 cm) 
and has the advantage of deeper prenetration of 
vegetated areas that contribute to reduce the 
temporal decorrelation. 
We analyzed the subsidence using four images 
(A) Study area 
INOONESIA 
Jabf1a,alll)al�ol� 
between 2007 and 2009, that cons truced into three 
pairs. All the images have been acquired from 
ascending orbits. The topographic-phase 
component was removed using 90-m DEM 
obtained from the Shuttle Radar Topography 
Mission (SRTM) version 4.1 that has been 
processed with hole-filled algorithm. 
3.2. C-Band Interferometry: Envisat 
The C-Band Envisat Advanced SAR (ASAR) 
sensor has been on operation mode since 2002 and 
has been used in may subsidence analysis [ 10, 11]. 
The wavelength is about 5.6 cm that give a 
temporal decorrelation over vegetation area 
compared to L-Band data of ALOS PALSAR. We 
exploited five images between 2007 and 2009 with 
ascending orbit. Four pairs have been constructed 
and have overlapped with ALOS PALSAR data 
interferometry. 
(B) G ofogicat m p 
Figure 1. (A) Jakarta city map (B) Jakarta city geological map 
3.3. X-Band Interferometry: TERRASAR-X 
The ability of TERRASAR-X data to analyze 
subsidence in urban area has been proved in [12]. 
In this study, even though the TERRASAR-X has 
the shortest wavelength (3 .1 cm), it has the highest 
spatial resolution compared to other data and 
become its advantage. 
The TERRASAR-X data is the only data that has 
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descending orbit in this study. We processed one 
pair of TERRASAR-X data between 2010 and 2011. 
This is the newest available data in this study 
The timeline of obtained SAR for all satellites 
can be found in figure 2, while in Table 1, we 
report their pair, spatial baseline and temporal 
baseline 
Tabel 1. List of Interferogram pairs along with spatial and temporal baseline 
Pair Pair Combination Perpendicular Temporal 
Satellite 
Number Master Slave Baseline (m) Baseline (week) 
1 20070131 20080203 220 52 
2 20080203 20081105 840 39 
3 20081105 20090205 380 13 
1 20070210 20080719 124 75 
2 20080719 20080927 154 10 
3 20080927 20081206 15 10 z 
4 20081206 20090912 188 40 
TERRASAR-X 1 20100809 20110613 110 44 
Time line of the acquisition Data 
ALOS 31 Jan ALOS 3 Feb 
2001d1 2ooso1 
ENVISAT 10 Feb 
T ALOS 5 Feb 
AL
,
S 5 Nov 
E VISAT 27 Sep 
ENVISAT 6 Dec 
201001 
ENVISAT 12 Sep 
TERRASAR-X 9 Aug 
TERRASAR-X 13 Jun 
201101 201201 
Figure 2. Time line of all satellite acquisition SAR data 
4. Result and Discussion 
Figure 3 shows the result of DlnSAR processing 
for every data pairs. At a glance, each pair result 
has less similarity compared to one another. Some 
of them gives good and clear fringes, some has a 
result with a lot of noise and some of them come 
with some many fringes that may come up from 
atmospheric disturbance. This result can be 
accepted since the data set of this study is 
particularly inhomogeneous in terms of wavelength, 
spatial resolution, three different acquisition 
geometries and temporal decorrelation. 
Giving a side of less similarity result, the 
subsidence on the northern part of Jakarta can be 
easily recognized. The subsidence occurrence in 
this area can be expected since this area formed on 
alluvial geological structure as seen in Figure lB. 
5. Result and Discussion 
Figure 3 shows the result of DlnSAR processing 
for every data pairs. At a glance, each pair result 
has less similarity compared to one another. Some 
of them gives good and clear fringes, some has a 
result with a lot of noise and some of them come 
with some many fringes that may come up from 
atmospheric disturbance. This result can be 
accepted since the data set of this study is 
particularly inhomogeneous in terms of wavelength, 
spatial resolution, three different acquisition 
geometries and temporal decorrelation. 
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Figure 3. DlnSAR result of all interferogram pairs. (A-C) Interferogram pair of ALOS PALSAR data for 
20070131-20080203, 20080203-20081105 and 20081105-20090205, respectively (D) Interferogram of 
20100809-20110613 TERRASAR-X pair (E-H) Interferogram pair of ENVISAT-ASAR data for 
20070210-20080719, 20080719-20090927, 20080927-20081206 and 20081206-20090912, respectively. 
Giving a side of less similarity result, the 
subsidence on the northern part of Jakarta can be 
easily recognized. The subsidence occurrence in 
this area can be expected since this area formed on 
alluvial geological structure as seen in Figure lB. 
The discussion will go deeper to the subset area 
that fringes constantly appear in each pair of 
interferogram data. The subset area location can be 
seen on rectangle area of Figure 3(A), hereafter 
called Cengkareng area. 
The Cengkareng area is a newly developed 
residence area with more than 300 hundred 
households living over this area. The cause of 
subsidence was predicted as the result of ground 
water extraction, the building construction load 
and human activity over this area. 
The DinSAR result of Cengkareng area shown in 
Figure 4. The land subsidence is getting worse as 
the temporal baseline increased. It gives the 
indication that the subsidence continuously occur 
in this area. The maximum subsidence for ALOS 
PALSAR pair was about 1.5 fringes and 
corresponds to 17. 7 cm. As for ENVISAT ASAR 
pair, the maximum detected subsidence was about 
8 fringes and correspond to 22.4 cm. Unfortunately, 
Cengkareng area cannot be covered on 
TERRASAR-X pair data as seen on figure 4 (D), 
but the available DinSAR result shows 8 fringes 
and correspond to 12 cm. The maximum estimated 
subsidence for each pairs shown in Table 2 
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Figure 4. DlnSAR result of all interferogram pairs on Cengkareng area. (A-C) Interferogram pair of 
ALOS PALS AR data for 20070131-20080203, 20080203-20081105 and 20081105-20090205, respectively 
(D) Interferogram of 20100809-20110613 TERRASAR-X pair (E-H) Interferogram pair of 
ENVISAT-ASAR data for 20070210-20080719, 20080719-20090927, 20080927-20081206 and 
20081206-200909 l 2, respectively. 
The comparison between three pairs of DlnSAR 
result, ALOS PAL SAR pair on 
20080203-20081105, ENVISAR ASAR pair on 
20081206-200909 l 2 and TERRASAR-X pair, 
gives similar subsidence estimation in term of 
same temporal baseline (about 40 weeks). The 
subsidence estimation for ALOS, ENVISAT and 
TERRASAR-X result was 11.8 cm, 12.6 cm and 12 
cm, respectively, with the condition of incomplete 
DlnSAR result of TERRASAR-X. 
Three different satellite images showed the 
agreement in term of similar temporal baseline. 
Table 2. Estimated maximum subsidence and subsidence rate of each pair 
Pair Pair Combination Estimated maximum Subsidence 
Satellite 
Number Master Slave subsidence (cm) rate (cm/year) 
1 20070131 20080203 17. 7 18. 38 
2 20080203 20081105 11. 8 16. 34 
<( 
3 20081105 20090205 5.9 24.51 
1 20070210 20080719 22.4 16.13 
<( 2 20080719 20080927 2.8 15.12 
3 20080927 20081206 4.2 22.68 z 
20081206 20090912 12.6 17 .01 
TERRASAR-X 1 20100809 20110613 12 14. 73 
-- 142 --
� 
� 
6. Conclusion 
In this study, the ability of three different 
wavelength satellite data has been investigated to 
detect monitor land subsidence over urban area. 
Despite of inhomogeneous data set, the result 
showed the agreement for Cengkareng area. From 
an applicative perspective, it gives the possibility 
to monitor the subsidence of urban area by using 
inhomogeneous data set. 
In order to improve the analysis, the 
transformation to common geometry of one 
satellite will be conducted in the future. 
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